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[ATP]
[ referred to as the phosphorylation state of the adenine nucleotides, measured directly agreed with the value calculated for equilibrium conditions from the above equation. 4. The results are discussed and taken to confirm that the order of magnitude of the value of the redox state of the cytoplasmic NAD couple in rat liver is controlled by the phosphorylation state of the adenine nucleotide system. The redox state of the NAD couple is linked to the phosphorylation state of the adenine nucleotide system (i.e. the ratio [ATP]/[ADP] LHP042-]) by the 3-phosphoglycerate kinase and glyceraldehyde 3-phosphate dehydrogenase reactions (Veech et al., 1970; Krebs & Veech, 1970 
Injection ofagents
Injections were given intraperitoneally under ether anaesthesia. Details of dose are given in the tables. Rats were killed by dislocation of the neck and the livers were removed within lOs and freeze-clamped (Wollenberger et al., 1960) . Further treatment of the tissue was as described by . As some variations in control values were found when experiments were performed at intervals of several months, each series of experiments were compared with control animals analysed at the same time.
Determination of metabolites
Metabolites were determined as follows: lactate and pyruvate by the method of Hohorst et al. (1959) ; 3-phosphoglycerate by the method of Czok & Eckert (1963) ; ATP by the method of Lamprecht & Trautschold (1963) ; ADP by the method of Adam (1963) ; dihydroxyacetone phosphate by the method of Bucher & Hohorst (1963) ; P1 by the method of Martin & Doty (1949) ; 3-hydroxybutyrate and acetoacetate by the method of Williamson et al. (1962) . The concentration ofglyceraldehyde 3-phosphate was calculated from that of dihydroxyacetone phosphate assuming a (dihydroxyacetone phosphate]/fglyceraldehyde 3-phosphate] ratio of 9.3 (Veech et al., 1969) . The concentration of HP042-was taken to be 60% of the total P1.
Results

Effect of ethionine
Injection of ethionine decreases [ATP] in the liver by the formation of S-adenosylethionine at a high rate (Shull, 1962; Farber et al., 1964 Forsander et al., 1958; Smith & Newman; Reboucas & Isselbacher, 1961; Field et al., 1963; Isselbacher & Greenberger, 1964a,b; Freinkel et al., 1965; Lieber, 1967 In spite of major changes in most of the components in eqn. (2), the agreement between the calculated and measured phosphorylation state is satisfactory and indicates near-equilibrium in this system.
Effect of crotyl alcohol
Crotyl alcohol reacts with liver alcohol dehydrogenase at about the same rate as ethanol, but the crotonaldehyde formed, unlike acetaldehyde, is not a substrate of liver aldehyde dehydrogenase Williamson et al., 1969) . With carbonyl cyanide p-trifluoromethoxyphenylhydrazone there was no change from the control.
Discussion
The experiments indicate that the system represented by eqn. (2) Klingenberg, 1958) .
It further follows from the agreement between the measured and calculated phosphorylation state that the overall values of ATP, ADP and Pi in the liver correspond closely to those of the cytoplasmic compartment. This is to be expected if the greater part of these metabolites is located in the cytoplasmic compartment and those compartments that readily 1972 (Klingenberg et al., 1969 ) but this is not of major significance in the present context because the matrix space constitutes probably no more than 6% of the total liver space. The mitochondria occupy about 20% of the liver space (Lehninger, 1964 ) and the matrix is only about 30 % of the total mitochondrial space (Pfaff et al., 1968) .
The maintenance of equilibrium in reaction (2) implies that the redox state of the NAD couple depends on the phosphorylation state of the adenine nucleotide system, and vice versa. In view of the reversible interrelation, it may be argued that there is no justification in stating that the redox state is controlled by the phosphorylation state; with equal justification, it could be said that the phosphorylation state is controlled by the redox state. However, there are good reasons for assuming that the phosphorylation state is the master factor. Table 4 . Effect of carbonyl cyanide p-trifluoromethoxyphenylhydrazone on the content of rat liver metabolites, the redox state of the NAD couple and the phosphorylation state of the adenine nucleotide system The rat was killed 2-3 min after intraperitoneal injection of 5mg of carbonyl cyanidep-trifluoromethoxyphenylhydrazone. Control animals were injected with 0.9 % NaCl. The concentrations are expressed in ,umol/g fresh wt. For reasons stated in the text the carbonyl cyanide p-trifluoromethoxyphenylhydrazone values are for one experiment. The ratios are calculated as described in Table 1 
